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ABSTRACT
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It is proposed to neasure tﬁo bod ilasiic scattering
in the t and u-chamnel for p,p, K, K, n , © vsing a focus-

coincidence with a counter-hodoscope
regetions should be

=
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1z irable up to 150
GeV, and u-channel processes up to 75 CGeV.

Work surporbed by the U.S. Atomic Frnergy Commnission.
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A manmber of the N.A.L. summer studles( 8)

scattering reactions in the ¢ and u- -channpels

X+p->X+7p

vhere

were devoted to two body

of the form

X+ n-—-X-

. ) - =
X dis n¥ K-, por p

In the past such reactions heve been studies vp to energies of the order

of 25 GeV in the t-channel &nd vp Lo 15 GeV in the u-channel. AL N.A.L. it should

be reletGively easy up to encrgies in 150
GeV, and u-channel processes up Lo energles of 75 CGeV or possibly hig
The mobivaetion Tor such gtudies ig well known. The cross sechiopsl de-

-

exproessed a8 proportion

Sa(t) .

vhere

Ty

one of the most dmportent inpubs

cesses. AL high encrgles these proecesses should be dominzted by "leading Jec-

tories (or terwms)" arnd are ewpected to display particularly simple featurszs. In
oxchange or diffraction scattering should donirate and
scattering Ld become iderntical et high encrgies. Ten-

tetive Serpukov resulis have led Lo guestioning the point al vhidh this Pomeronchsk

limit occurs. Even if these tenbsbive Serpukov resulis prove to be incorrect, the

differential cross sections and thelr energy dependence will be of great interest.

To meas

"or-lina"

LeRoE

1L

a flexible horizontal bend fo

o,

the high energy oubgoing psrticles from two body scatiering in colncidence with
scintillator and wire chambar hodoscopes Lo define the angle and origin of the sl



outgoing sccondary perticles. Fig. 1 shows a schemabtic of the apparatus. Rejec-
tion of unwanted inelastic processes would be based on the resolution propzrties
of the high encrgy spectrometer plas coplanaraity and angalar requirements. The
"focussing spectrometer %ould also be extrémely well adaplbed to making initial bean
surveys. Our proposal is based on | the assumpbion that "spectrometer" facilities

of the required Lypa(s) will core into existance at N.A.L. Ve would also expect

™

that similar prcposals to ours will be made, and that the various groups will have

to accomnodate Lo scme reasonsble degree of cooperation. Our group at this moment

is Ipsufficiently staffed end financed to take over complele responsibility for

the program in this propczal. However, we belicve that il this proposal is the

only one approved in this area of physics, that we would obtain the reguired per-
sonnzl ard support Lo caryy this progrewm throuzhr. Ve have robt nade a detailed
menpover estinate., However the program is very similar in scops to the spectro-

meter prograns we have been asscciated with at S.L.A.C. and can be measured as

being equivalent Lo one "S.L.A.C. unit",

et Procision

Bequired Moasuren

‘We are proposing to measure all paramcters of the "fast" oulgoing
parﬁicle, in coincidence with the production angle of the slow oulgoing parcicle.
These measurcrents would overconstrain two btody reactions by three constraints.
Ve would make the following "cuts" on the data:

1) Measvrement of the monsnta of the oulgoing fast pdrulclv, would de-
fineythe missing mass of the slow particle. Aé worst an appropriate momentum cub
should include & very small fraction of events in which the slow outgoing particles
are accowmpanicd by single slow x-mesons, |

2) Coplanarity would be required between the incoming particle and the

two outgoing particles.



3)4 Correct kinemabtic relationships would be required between the produc-
tion angles of the slcw and fast particles.

LY Tdentification of the mass of Lhe Tast outrojn, parvicle wvould be
mede with Cerenkov counters.

t~channel processes will almost certainly be so dominated by the diffrac-

tion processes thal we would expect either cut (1) (the measurewment of momentim),

against unwanted events.

or cuts (2) and (3) alone to provide sufficient rejection

We have in fact done high-=onergy yhofmprOYU tion experimants relying on a single

l

arm spectroncter, end one of us (D.JM.R.) has been asscciated with a University

f\

i ' > r"*- ) 1.
College/Rutnerio.u Laberatory collaboration vhich has just measured X p elastie

scattering relying only on angular informstion.

u--channel recctions vould make uze of the sene foar cuts, Ao 2 roush

gulde, we note that the precisions reguired are:

nbum,  Lover precision would otill Jead to &

P, is the incident beam e sulie
stantial rejection of ums A evenbs . Ve proposs Lo operals with in

- e
the neighbornocd of 0.1% zccuracy or better for Ap/po.

Tor cub 2: A ﬂ the

.._r

error in the determinaticn off the szimulhsl pro-

duction angle of the fast porticle, Is related to pT,'the C. of M. moneubun of the

unobserved pion (Lhe C. of M. systenm is thal of the slow particle the =
pion), by:
A< v/
o
The azimuthal production enzle of the slov particle de Lrivially nosoured
to the required precision. We propose to have ezimubthal angular precision of the

order of O. 1 milliradians for the fast particle,



For cut 3: A0, the crror in production angle of the slow particle,

should be £ 7p./p

b At typical ¥ or u values the mowentum pslov of the slow

slow’
oubgoing particle would lie betwszen L0O Mev/c and 2.0 Ds V/c and mcasurements good

o) . ' . . .
to 1.5 would provide excellent rejection. We propose angular precision good Lo

After making the above culs on the data we would expesct to have a very

clean- se of tweo body events. The © or u values are well defined for this

sample Tron the production angle © of the oubgoing slouv particle., As a rough
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two L
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We propvose @ backbong of “coarse-gralinsd’ scintillation hodoscopes

willetor resolving times would make then

on both detechbor arms.
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Ve would use bank

=

define the azinuthal

R o _ -
to a precision of 17 we would use tvo banks

consisting of

the target. Fig. 1 shows
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To define the horizoaleld production angle

of vertical pickel fence counbers

located at 3 ft. and 6 Tt. respectively from

gchematic of the setup. We vould ecxpect to be able

coarse~grained system.
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) to provide the interrc
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used to provide rain' measure-

bo connected Lo en on-line computer and the datsz weuld
basic.
vraesont belng zch AL (30)

of this proposal we

wnich woula

From our experience at the 5.L.A.C. we believe thet it will probably be
considerably more convenient Lo mount this spectrometer (aboub 90 moters long) on
a rotatable carriage, than to change the input bzam engle end lecve the spzcbrometer

Tized.

The guestion immed
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proposal .  As

dete o the Feasibility of

rotzting




to the 5.L.A.C. 20 GeV gpzctroneler which ds 50 webers in lenglh. The alignment
tolerances on the S.0.A.C. spactrometer are comparsdle with those we reguire. In

general at S.1,.A.C. an aligoment of % 0.003 to 0.005 inches is maintained over the

%
"D

entire Jengbth., A roll angle of less than +2 X 10 7 radians is maintained on

e

the individual elem If necesssry, alignuent would be mainbained with a laser
optical systen.

Besides the scintillation and wirce chawber systens we would expect to
use a differential Cerenkov counter to diffevenbiate pxohﬁ from kaons in the central
where tno.beam is rendercd parallel by the oplics,

specbrancler region

We would expeclt beam

in the non-bend plane of the order of

1.

t 0.3mr covresponding Lo spob sizes abv the target of #lmm Tor o 75 GeV spoctro-

Bl

metor with 75 micro-steradians . AL 150 GeV owe would expoct sboub &9

e o

micro~steradions acceptancs and the divergences woald be ebout +0.1ny,

planc the sensitivity Lo spob sizes is gboul a Ffactor of
erefore problows will not occur due Lo appuarent spob sizes until

EalN L T TSRO I P e B et “
of 20 nilliradians cre reached, even with a 207 long
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Lion scatlering we believe

to male o

surepcnts, even out Lo the highest

This will be particularly importzrt to check hypotheses such ag tho Drell hypothesis
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At 150 CGeV
Length 15 meters
Cerenkov angle Emr
No. oi phoboclectrons 5.

Angular separation of pions and
kaons O.Tmrs

Fxpected Re

Expected cross seccbions for the t-cheuns]l are given in Table I in terms
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We tabulate counting rates per hour for small w and t. (In actusl
Ffeet full besn intensilies would not be used and counting rates would be held to

. o .
about 10 to 107 counts por burst.)



Tebvle I1:

-

of 75 micro-steraedians and
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Bean Intensity
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APPERDIX 1
Components of a 75 GeV Spactromeler
leters Meters fron target

DRI 6.0 6.0

QUAD Q1 3.k, 10 Kgauvss, 10 cms radius 9.4

{

~
S

DRIF 2 314
Qurn Q2 1.h, 8 Kgzuss, 10 cms radiuvs 32.8
DRI¥T 2 3.8
BEND M1 10, 20 ¥omsuss hi.8
DRIFT 6 50.8
QU/D O3 1.h, 8 Kgauss, 10 cms vedius 52,2
DRIFD oo e
Qusd Qb 3.4, 10 Kgouos, 10 cms yadius 17 .6
DRIFT 6.0 £3.6
MOMBITUL DISPIRSTION - b5 cms per § /v
HORTZ . AND VERTICAL MAZIT. - X

RATTO OF VERT. Lo HORIZ . ACCRPTANCH  8:1

SOLID AUSLY -« 7Y p-steradisns
ook
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Beam Momentuw 150 GeV/c
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Supplement to the Stanford-Northeastern Proposal to measure u and t-channel processes.

At the time of our pf0posal we believéd that the NAL facilities group
was still working on spectrometer designs. However, due to other priorities,
this group discontinuved wbrk in April this year. We include in this supple-
ment more compléte designs of our own, stemming from their work and preliminary
designs. 1

Our present thinking is that the 3.5 mr beam will be the most suitable
in which to place a spectrometer. The beam has high intensity, but will, if
its aperture is masked down, provide high quality beams.

It appears that present budgeting and space limitations put a high premium
on tight economical design. We would therefore pfopose for the first round
of measurements, not to use point to point focussing systems, but to use point
to parallel systems, as shown in Fig. 1. These would consist of a guadrupole
doublet, bend magnets and proportional chamber decode planes. Such a system
would be a half of the NAL preliminary designland is similar to the 8 CeV

. Berkelman sﬁecfrometer at Cornell. -The focussing elements would of course

render the beam parallel and theréfoie make Cerenkov counter designs consider-
ably simpler, ard also keep the beanm size small. We would use identical
magnetic components for 75 and 200 GeV and would change the spectrometer by
moving the quad pair closer or further from the target, and rotating the detector
system to the new bend angle. The quads and magnet would extend for the first
30 metres only, and therefore their support carriage in order to rotate the
system would only have to be as long as that used for several of the DESY
spectrometers (considerably less than for the SLAC 20 GeV spectrometer), and
the detectors would be mounted on é ligat but rigid outrigger frame extending
a further 30 metres. TFrom experience we are convinced that rotating systems of
this nmagnitude are not costly, and are very advantageous for the experimentalist.
e héve dlscudben tedln Chuiacleristics wiod thé WAL svdf? aﬁﬁsgﬁdéréﬁéha'%héthﬁifﬁ
appropriate demagnification deam spots of %hm or less could be achieved at the

target, thus cutting the magnetic bend required to achieve a given resolution
by a factor two over earlier estimates, and also permitting "halving” the NAL

design for the bend magnets
At a later stage, the spectrometer system could, and almost certainly

should, be extended to a point to point system. Very little would have been

-1 -



sacrificed by starting with the "half" system.

We have considered the use of the low field focussing and bend elements used
for the accelerator to fabricate the spectrometer. It can be readily shown
fhat the cost of é given éystem rises very shar?ly as the maximum permissible fields
are decreased, and we have therefore réjeéted this design choice. In our SS
reporﬁfzwe considered the scaling laws on cost, solid angle etc. of spectrometers,
but did not at that time explicditly write down scaling laws to include the
dependence on the maximum guadrupole pole-tip fields Hipax: Table 1 gives
the universal récipe for scaling any low Hiaxsystem to a less expensive high
Hnﬁx'system, with the i1dentical solid angle acceptance, resolution and focussing
configuration. With the most pessimistic assumptions, the cost of any system
goes  inversely as Hﬁax and the length of the systém is proportionately decreased.
We therefore propose to use.as large an Hﬁax as is feasible.

The present NAL design for 200 GeV is costed by NAL at$480,000 for the magnetic
components for 16 psteradians accepbance, .0W% resolution (with peak quad fields
of 10 Kilogauss and bend magnet fields of 15 Kilogauss). By going to the "half"
_system we cut this cost to $2h0,000_and by further increasing the peak quad
and magnet fields by a factor of the order of 1.4, we should further decrease
this cost to about $170,000. The length of the system would be decreased from
75 metres to 55 metrés. We have not included the usual factors of 20 or 30%
that almost certainly can be gained by tighter design and further playing with
the parameters. The scope of this projeét is comparable with the small 1.6 Gev
SLAC spectrometer project and much less than for the large SLAC spectrometer
systems. We would expect to approach the WAL design figure of .04% resolution
in Ap/p. '

Table 2 lists the NAL design fbr,QOO,GeV;lour revised 200 GeV "half spectrometer”

and accompanying 75 GeV design to give 50 microsteradians acceptance, using the

Armments, can-bg.mede fon. aore comnlox spachrometar,sysbers Sm orxdem tooo
meke first-round searches for quarks, monopoles, high mass states, etec. Such
searches were carried through by the Perl Grohp at the SLAC using a target close
to the machine and an existing beam transport system as an analyser for the
products. We do not believe that these experiments require a large acceptance
"spectrometer” in the sense we are proposing, and would expect the use of an

existing beam transport system to be satisfactory.



In the detection system we would expect to use both threshold Cerenkov
counf;ers ih»either cbincideﬁce or anticoincidence, and differential Cerenkov
counters. TFor differential Cerenkov counters our present inclination is to go
the BNL route of using a boihcidehce ring combined with an anticoincidence
ring and not the CERN route of using high multicoincidences on the acceptance
ring with the attendant necessiﬁy for large photon yields. By this route,
without using longer counters, we could accept smaller Cerenkov angles and
have larger angular separations between different particle types.

Finally we would strongly emphasize that the provision of the largest
feasiblelsolid angle devices at NAL will pay off both in the short term and long
term programs. Such processes as are listed below should be easily studied
if sufficient solid’angle acceptances are provided.

(1) " u-channel physics

(2) Large t-value measurements to test hypotheses as the Drell hypothesis of
a contact interaction. |

(3) ©Polarized target experiments. (For instance ﬁ+p, 7D
asymetries appear to be decreasing very slowly with energy, and should
be quite measurable at energiés in excess of 50 GeV.)

(4)  Weak beams such as P, or very high energy besms.

‘References(l) XK. Pretzl, NAL-TM-233, April 1970.
(2) 88 77, 1969



TABLE 1

SCALING RECIPE FOR SPECTROMETERS TO GIVE IDENTICAL ACCEPTANCES, RESOLUTIONS

AND FOCUSSING CONFIGURATIONS AT DIFFERENT SATURATION FIELDS

Elements

Old Configuration

for Hﬁax

- New Configuration
tor H!' = €H
max

max

Max. Quad field

[Quad bores

Quad lengths -

B -4 of vend magnets
Bend magnet apertures
Acceptance

Resolution

Cost of Quads

Cost of bend Magnets

Cost of system

max

B4
w.h

C quad
C bend
C tot

Héax = €y
r/e

L/e

€B -/ﬂ*
w.h/e2

Q

R

C q_L‘lad/e-:*J'é
C bend/e

c{ot/e

* Increased to maintain identical resolutions.

*¥  Based on the most pessimistic assumption that quad costs for the same

length and bore are proportional to Hmax

savings should be larger. In addition the usual assumption is made

In actual fact the cost

that cost is proportional to the volume of the field. (Most optimistically

the quad cost for the same length and bore would go proportional to Hmax)'




200 GEV AND 75 GEV SPECTRCMETER UTILIZING IDENTICAL COMPONENTS

TABLE 2
SPECTROMETER PABRAMETERS: NAL 200 GEV PARAMETERSlAND PROPOSED PARAMETERS FOR A

NAL 200 GgeV Designl Proposed nln NAL Proposed 75 GeV’"%"
for 200 va Configuration

Drift 12 metres Drift 8 metres Drift 5 metres
Quad 6 metres Quad 4.5 metres Quad 2.75 metres
Drift 0.5metres Drift 0.5 metres Drift 7.0 metres
Quad 6 metres Quad 4.5 metres Quad - 2.75 metres
Drift 0.5metres Drift 0.5 metres Drift 7.0 métres
Bend 18 metres Bend 10 metres Bend 10.0 metres
Drift 5 metres Drift 27 metres Drift 27 metres
Quad 6. metres

Drift 0.5metres

Quad 6 metres

Drift 12 metres

Total 72.5metres Total 55 metres Total 55 metres
N = 16 uster M = 16 wpuster M = 50 pster

Quad bores are
2R=10 cms with max.
fields of 10 kilogauss.

Bend magnet apertures

are 7.5 cms by 25 cms with

max.~ fields of 15 *kilozauss

{

Quad bores are
2R= 7 cms with
max fields of 1L
kilogauss.

Bend magnet aper-
tures are 5.5 cms.

fields of 20 ., .

kilogauss.



Physical Configuration

Source Ql Q2 Bl

Horizontal Bend

Vertical Bend

16 64A1

FIG. l--Proposed "half" spectrometer configuration.

Diagrammatic representation of the proposed focussing configuration.

No focal plane exists for momentum or angle, and these are determined
from the Charpak proportional counter decode planes after the bend
magnet. Dy to Dg are decode planes, Cq and 03 are threshold Cerenkovs,
and Cs is a differential Cerenkov.



national accelerator laboratory

July 17, 1970

PROGRAM ADVISORY COMMITTEE

We have received a correction to the supplement to
Proposal 73. The third entry in the right-hand column
-of Table 2, p. 5 should read
"Drift 0.5 metres”
instead of

"Prift 7.0 metres."

Computer output to verify this change acCompanied
the letter. This output is not enclosed.

Fiwik

F. T. Cole
Secretary



